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1
AUTONOMOUS AGGREGATED SEARCH
PLATFORM AND METHODS USING THE
SAME

FIELD

The present disclosure relates to search platforms and
methods for locating moving objects including, for example,
search platforms and methods for locating a lost child, pet,
and/or stolen object.

BACKGROUND

Many types of electronic child protection systems exist.
Such systems often use a global positioning system (GPS), a
single GPS marker which may be attached to the child, and a
single active communications device (tracker), such as a
smartphone or GPS tracking system. When a child goes miss-
ing, he or she may be located using a GPS signal from the
marker, provided the signal can be detected.

Several traditional systems have also been developed for
locating missing persons. One example of such a system is the
well-known America’s Missing Broadcast Emergency
Response Alert (“Amber alert”) wherein law enforcement
leverages a community of persons to look for a missing child.
Generally, Amber alerts involve transmitting details of the
missing child, e.g., viatelevision and/or radio, to a plurality of
individuals. Individuals receiving this information are asked
to look for the missing child and report back to law enforce-
ment with any information they might have.

While existing child protection systems are useful in many
environments, they have several limitations. For example,
known electronic child protection systems generally rely on a
single tracker attached to the child that is designed with GPS
and communications systems to locate, track, and report the
child’s location back to a parent or some other central moni-
toring service. I[f the tracker loses power, is unable to establish
communication with GPS and/or communication system,
and/or is detached from the child, the electronic search sys-
tem may not be able to perform its function. Thus, the effec-
tiveness of existing electronic search systems may be neutral-
ized by a single point of failure in the system. Moreover, such
systems may be of limited usefulness indoors, because the
walls and ceiling of a building can interfere with the trans-
mission and reception of a GPS signal.

Traditional search systems such as the Amber alert may not
suffer from the technological limitations of known electronic
systems, and may address the single point of failure issue by
leveraging the eyes and ears of many individuals to search for
a lost child (or other moving object). However, traditional
search systems are generally only effective if they are initi-
ated based on accurate and timely information regarding the
whereabouts and/or appearance of the lost child. If a tradi-
tional search is initiated based on out-of-date information, the
likelihood that it will successfully locate the missing child
may dramatically decrease. This issue is compounded by the
fact that the last known location of a missing child is often not
updated (or only infrequently updated) as a traditional search
is performed. As a result, even if a traditional search is initi-
ated in an area where the child is located, the child may move
(or be moved) out of that location white the search is in
progress. Participants in the search may not become aware of
the child’s movement out of the search area until a significant
time later. During this time, the search participants may con-
tinue to fruitlessly search in an initial search area, while the
child they are seeking may be moving away from them.
Traditional searches may also rely on line of sight to locate
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and identify a lost child. If the search participants do not see
the child, the search may fail even if it is conducted in a
location where the child is located.

Electronic systems have also been developed for locating
lost pets and or stolen objects. Such systems may rely on the
same technology as the electronic child protection systems
described above, and thus may have the same limitations. Pet
identification systems utilizing radio frequency identification
(RFID) tags are also known. Although useful REID pet iden-
tification systems may require a pet to be captured before it
can be identified, e.g., by scanning the RFID tag with an
appropriate device held in close proximity to the pet. As a
result, existing RFID tagging systems may not be useful for
determining the location of a lost pet prior to its capture.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of embodiments of the claimed
subject matter will become apparent from the following
detailed description and the drawings, wherein like numerals
depict like parts, and in which:

FIGS. 1A and 1B illustrate an exemplary search system in
accordance with the present disclosure.

FIG. 2 illustrates an exemplary autonomous expanding
search conducted by a system in accordance with the present
disclosure.

FIG. 3. illustrates another exemplary autonomous expand-
ing search conducted by a system in accordance with the
present disclosure.

FIG. 41is aflowchart of an exemplary method in accordance
with the present disclosure.

DETAILED DESCRIPTION

As used herein, the term “autonomous, expanding elec-
tronic search” means a search conducted by one or more
search devices (as defined below), wherein the geographic
scope of the search expands without human interaction. As
will be described below, an autonomous, expanding elec-
tronic search may be initiated with a first search activation
signal, and rapidly expanded without human interaction by
transmitting additional search activation signals between
respective search devices.

Asused herein, the terms, “communications network,” and
“communications networks” are interchangeably used to
refer to one or more systems and/or methods for sending
and/or receiving a data signal. These terms encompass close
range communication and long range communication, as
defined below.

“Close range communication” is used herein to refer to
systems and methods for wirelessly sending/receiving data
signals between devices that are relatively close to one
another. Close range communication includes, for example,
communication between devices using a BLUETOOTH™
network, a personal area network (PAN), near field commu-
nication, ZigBee networks, combinations thereof, and the
like. Close range communication may therefore be under-
stood as direct communication between devices, without the
need for intervening hardware/systems such as routers, cell
towers, internet service providers, and the like.

The terms “device” and “devices” are used herein to indi-
vidually and collectively refer to any of the large number of
electronic devices that may communicate using a communi-
cations network and which may be leveraged as a “search
device” (as defined below) in accordance with the present
disclosure. Non-limiting examples of devices that may be
used in accordance with the present disclosure include auto-
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mated teller machines, automobiles, automobile navigation
systems, clothing, copiers, cell phones, desktop computers,
displays (televisions, monitors, projection screens, digital
signage, and the like), electronic readers, facsimile machines,
game consoles, internet access points (e.g., WIFI hot spots),
kiosks, netbook computers, notebook computers, internet
devices, ornamental objects (e.g., jewelry), payment termi-
nals, personal digital assistants, media players and/or record-
ers, printers, public computer terminals, security cameras,
set-top boxes, smart phones, tablet personal computers, traf-
fic cameras, traffic monitoring strips, ultra-mobile personal
computers, wired telephones, wireless routers, combinations
thereof, and the like. Such devices may be portable or station-
ary.

The term, “moving object,” is used herein to individually or
collectively refer to any of a wide variety of objects that are or
can be in motion, i.e., whose location change(s) or may
change over time. Non-limiting examples of moving objects
include persons (e.g., children), animals (e.g., pets such as
dogs, cats, and the like), personal articles (e.g., purses, wal-
lets, watches, etc.), combinations thereof, and the like. For the
sake of illustration, the present disclosure frequently utilizes
a lost child as an exemplary moving object that may be
located by the systems and methods described herein. As a
practical matter, however, the systems and methods of the
present disclosure may be used to locate any type of moving
(or even static) object.

“Long range communication” is used herein to refer to
systems and methods for wirelessly sending/receiving data
signals between devices that are a significant distance away
from one another. Long range communication includes, for
example, communication between devices using a WiFi net-
work, a wide area network (WAN) (including but not limited
to a cell phone network (3G, 4G, etc. and the like), the inter-
net, a global positioning system (GPS), a combination
thereof, and the like. Long range communication may there-
fore be understood as communication between devices that
occurs with the use of intervening hardware/systems such as
routers, cell towers, internet service providers, and the like.

The terms “search device” and “search devices” are inter-
changeably used herein to refer to one or more devices (as
defined above) that are permitted, enabled, or otherwise con-
figured to autonomously search for one or more tags, e.g.,
using one or more communications networks.

The term, “tag” is used herein to refer to any of a variety of
devices that are capable of being associated with a moving (or
static) object, and which may be wirelessly detected by one or
more search devices. In this context, “associated” means that
a tag may be attached, carried, implanted, or otherwise con-
veyed by, on, and/or within a moving (or static) object. The
tags described herein may be active, passive, or a combination
thereof. Active tags can independently emit a signal that is
capable of being detected by a search device. In contrast,
passive tags can reflect an incoming signal from a search
device and/or emit a detectable signal in response to receiving
a signal from one or more search devices. Non-limiting
examples of active tags include BLUETOOTH™ transmit-
ters, WAN/WiFi beacons, GPS transmitters, and other
devices that are capable of independently transmitting a sig-
nal over a communication network. Non-limiting examples
of passive tags include tags that can reflect a signal or use an
incoming signal (e.g. a microwave or radio frequency signal)
to capacitively store and discharge energy into a circuit that
broadcasts another signal in response, e.g., a light, radio, or
audible signal. Such tags may include, for example, one or
more radio frequency identification (RFID’s) and/or other
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devices that can reflect or otherwise transmit a signal in
response to receiving a signal from one or more search
devices.

A tag in accordance with the present disclosure may store
or otherwise include a unique tag identifier. The tag identifier
may include, for example, a unique identification number,
electronic signaling protocol, electronic key, chromatic pat-
tern, audio signal, other unique identification indicia, combi-
nations thereof, and the like. In some embodiments, the tags
described herein may transmit their tag identifier indepen-
dently or in response to a signal received from a search device.

The term “target tag” is used herein to denote a tag that is
the subject of a search. Generally, the target tags described
herein are tags having tag identifier that matches a tag iden-
tifier in a search activation signal.

In the FIGS., a subscript “1” and a subscript “n” are used
distinguish between search devices that initiate an electronic
search (e.g., device 101,), and search devices that perform
various search functions consistent with the present disclo-
sure (e.g., search device 101,,). When used, it should be under-
stood that the subscript n is a non-zero integer. Therefore, n
may equal 1,2,3,4...100...1000...10000 ... or more,
including all positive integer values above, below, and/or
between the aforementioned numbers. Thus for example, the
expression “element X, should be interpreted as indicating
that one or a plurality element X’s can be present. Therefore
while the present disclosure may refer to an element in the
singular, e.g., element X, such expressions should be inter-
preted as also encompassing the plural form.

Application of a subscript “1” in the FIGS. to identify a
search device that initiates a search is arbitrary and for the
sake of illustration only. In general, any search device
described herein may initiate a search and/or perform search
functions consistent with the present disclosure. Moreover,
when a central service is used, the central service itself may
initiate or otherwise facilitate a search.

For the sake of clarity and simplicity, exemplary systems in
accordance with the present disclosure have been illustrated
in the FIGS. as including two search devices (e.g., search
devices 101, and 101, in FIG. 1A). It should be understood
that such illustrations are exemplary only, and that any num-
ber of search devices may be used. Indeed, the present dis-
closure envisions systems in which tens, hundreds, thou-
sands, hundreds of thousands, or more search devices are
used (i.e., where n is 1, 5, 10, 100, 1000, 10,000, 100,000 or
more, including all values and ranges there between).

The present disclosure relates to autonomous aggregated
search systems and methods for using the same. In some
embodiments, the systems and methods described herein
leverage and marry the natural social networking and com-
mon cause nature of traditional searches with technology that
allows individuals to actively participate in a search for a
moving object, even if they are unaware of the need to search.
As will be described later, the disclosed systems and methods
may allow an electronic search to originate in one location
and rapidly expand to, hopefully, overtake and identify the
position of a lost moving object (e.g., alost child/person). The
systems and methods described herein may also facilitate
human/animal searching for a moving object.

Systems in accordance with the present disclosure will now
be described. For the sake of this discussion, it is assumed that
one or more tags have been associated with a moving object
and/or an object in the moving objects possession. For
example, one or more tags may be fastened to the moving
object, integrated into or otherwise attached to clothing, toys,
and/or accessories that are worn or conveyed by the moving
object, subdermally implanted in the moving object, incor-
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porated into a device carried by the moving object, combina-
tions thereof, and the like. While not necessary, multiple tags
may be associated with the same moving object.

The systems of the present disclosure generally include a
central service and a plurality of search devices. When a
moving object is lost, the central service and/or one of the
search devices may initiate a search by emitting a search
activation signal that causes one or more of the plurality of
search devices to enter an active state and “look” for a target
tag attached to the lost moving object. If a search device
activated in this manner does not detect the target tag, it may
emit its own search activation signal to activate other search
devices within its communication range. This process may
repeat, with each activated search device “looking” for the
target tag and emitting a search activation signal if the target
tag is not detected. In this way, the systems described herein
can autonomously and rapidly expand the scope of the search
until at least one search device detects the tag.

When a search device detects the target tag, it may report a
“hit signal” back to the device that initiated the search, and/or
to a central service. Using information in the hit signal, the
systems described herein can triangulate or otherwise deter-
mine the position of the lost moving object. In some
instances, the systems may use this information to initiate
human/animal searching in the vicinity of the determined
location. The system may also track the position and move-
ment of the moving object by periodically or continuously
monitoring for the target tag.

FIG. 1A depicts an exemplary search system 100 in accor-
dance with the present disclosure. As shown, search system
100 includes a plurality of search devices 101,, 101,,, com-
munications network 102, and central service 103. Search
devices 101,, 101, may be any device that is permitted,
enabled, or otherwise configured to autonomously search for
one or more target tags by looking for tag identifiers identified
in a search activation signal. While FIG. 1A depicts search
devices 101, and 101,, as smart phones, any device capable of
acting as a search device may be used. In some embodiments,
search devices 101, 101,, include mobile devices that are a
capable of acting as a search device, such as cell phones,
personal data assistants, smart phones, digital cameras, and
the like. In additional embodiments, search devices 101,
101,, include immobile search devices, such as surveillance/
traffic cameras, traffic detection strips, cell phone towers,
radio towers, wireless access points, combinations thereof,
and the like. Of course, search devices 101,, 101, may
include a combination of mobile and immobile search
devices. As will be described in detail later with reference to
FIG. 1B, each search device 101, 101,, may have a search
module stored therein, which when executed by a processor
allows it to perform search operations consistent with the
present disclosure.

In system 100, search device 101, may initiate an elec-
tronic search by sending one or more search activation signals
(SAS) to devices 101,, and or central service 103. The SAS
may contain the tag identifier of the target tag. The SAS may
also contain supplemental information about the missing
moving object with which the target tag is associated. In the
case of a missing child, for example, supplemental informa-
tion may include the child’s last known location, a physical
description of the child, a photograph of the child, a combi-
nation thereof, and the like.

Search device 101, may utilize its communication
resources to broadcast a SAS over long range communica-
tion, short range communication, or acombination thereof. In
instances where search device 101, is capable of short range
communication, it may transmit a SAS using its short range
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communication resources to nearby search devices 101,.
Thus, for example, search device 101, may transmit a SAS
using near field communication, a personal area network,
BLUETOOTH™ and the like, provided it has the capability
to do so. Similarly, if search device 101, is capable of long
range communication, it may broadcast a SAS via its long
range communication resources to communications network
102, which may relay the SAS to search devices 101,,. Thus,
for example, search device 101, may transmit a SAS to a cell
phone network, a wireless network, etc., if it has the capabil-
ity to do so. Alternatively or additionally, search device 101,
may also communicate a SAS to central service 103, which
may oversea and direct the initiation and/or performance of
an electronic search by all of the search devices participating
in system 100. For example, central service 103 may, in
response to receiving an SAS from device 101, direct and
coordinate the distribution of a corresponding search activa-
tion signals to appropriate devices 101,,, e.g., via communi-
cations network 102.

Inany case, search device 101, may, upon receivinga SAS,
enter an “active” state, during which time it may search for the
target tag. For example, search device 101, may “listen” for
signals from active tags within its communication range.
Alternatively or additionally, search device 101,, may emit
signals using its communication resources (e.g., via short
range communication) that are designed to cause a passive tag
to reflect or transmit a signal that includes its tag identifier. In
any case, search device 101, may analyze the received signals
(from the active/passive tags), and determine whether any of
the received signals contain a tag identifier matching the tag
identifier provided in the SAS.

Ifasearch device 101, does not detect the target tag, it may
emit another SAS containing the tag identifier (included in
the SAS received from search device 101, and/or central
service 103) using its communication resources. Search
device 101, may transmit its SAS in the same or different
manner as the initial SAS was transmitted by search device
101, and/or central service 103. That is, search device 101,
may transmit a SAS using short range communication, long
range communication, or a combination thereof. In this way,
a search device 101, that does not detect the target tag can
send an SAS to other search devices within its communica-
tion range, thereby activating such search devices and causing
them to search for the target tag.

Alternatively or additionally, a search device 101,, that fails
to detect the target tag may record and report its location,
time, and/or and results (e.g., no “hit”) to central service 103.
In instances where a search device 101, has video/photo-
graphic capability, the search device may also record video/
photographic information at the time of its search, and send
such information to central service 103. In this way, the
systems and methods of the present disclosure may establish
a record of a search that may be useful, e.g., for law enforce-
ment authorities.

The location and results information provided by search
devices that do not detect the target tag may be used by central
service 103 to coordinate or enhance the search. For example,
central service 103 may use this information (which may be
received from a plurality of search devices 101,,,) to deter-
mine another geographic location to search for the target tag,
and transmit one or more additional search activation signals
to search devices in that different geographic location. These
additional search devices may, in response to receiving the
SAS, enter an active state, look for the target tag, and report
their findings (hit or no hit) to central service 103. This
“search and report” process may repeat until one or more
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search devices 101, detect the target tag. For clarity, a search
device that detects the target tag is called a “detecting search
device.”

When a detecting search device detects the target tag, it
may automatically record its location at the time of detection.
The detecting search device may also attempt to transmit a
“hit signal” containing information about its location to cen-
tral service 103 and/or device 101,. For example, when the
detecting search device has a connection to acommunications
network at the time of detection, it may use that network to
transmit the hit signal back to device 101, and/or central
service 103. The location information may be, for example,
GPS coordinates (if the detecting search device is GPS
capable), a cell tower location (if the detecting search device
is connected to a cellular network), other location informa-
tion, combinations thereof, and the like. Where the detecting
search device has video and/or photographic capability, the
hit signal may further include video, photographs, and the like
that were recorded by the detecting search device at the time
such device looked for the target tag and, in particular, at the
time the detecting search device detected the target tag.

If'the detecting search device does not have a connection to
a communications network at the time of detection, it may
attempt to transmit a hit signal (e.g., via close range commu-
nication) to/through other search devices within its commu-
nication range. Such other search devices may repeat the hit
signal using their communication signals. This process may
repeat until a hit signal reaches a search device that has a
connection to communications network 102. In this way, the
systems and methods of the present disclosure may allow
information in a hit signal from a detecting search device to be
to be transmitted to search device 101, and/or central service
103, even if the detecting search device does not have a
connection to communications network 102. When a search
device having a connection to communication network 102
receives information in the hit signal, it may transmit that
information to device 101, and or central service 103 via
communications network 102.

A detecting search device may also transmit a search acti-
vation signal containing the tag identifier of the target tag to
additional search devices within its communication range.
Uponreceiving this SAS, such additional search devices may,
if they are not already participating in the search, enter an
active state and search for the target tag. Because the addi-
tional search devices are within the communications range of
a detecting search device, it is likely that they too will detect
the target tag. If so, those additional search devices (now
additional detecting search devices) may automatically
record information about their location at the time of detec-
tion. The additional detecting search devices may also
attempt to transmit a hit signal containing their location back
to central service 103 and/or device 101,, thereby strength-
ening the reliability of the hit signal initially conveyed by a
first detecting search device. This process may continue until
the target tag is detected (e.g, surrounded) by multiple detect-
ing search devices.

At this time, device 101, and/or central service 103 may
use the location information provided by the multiple detect-
ing search devices to triangulate or otherwise determine the
relative position of the target tag. As may be appreciated, the
accuracy ofthe determined location may increase as the num-
ber of detecting search devices increases.

Devices 101, may be configured to periodically monitor
for the presence of the target tag during the execution of a
search. For example, a device 101, activated by a search
signal may initially not detect the presence of the target tag,
and may itself emit a search activation signal including the tag
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identifier of the target tag to search devices within its com-
munication range. Search device 101, may then continue to
search for the target tag, either continuously or periodically.
In the latter case (periodic monitoring), search device 101,
may enter a passive state during which the target tag is not
searched for, and later enter an active state, during which time
it again searches for the target tag.

Similarly, detecting search devices may continuously or
periodically monitor for the presence of the target tag until a
deactivation signal is received. If a detecting search device no
longer detects a previously detected target tag it may emit
search activation signals that cause search devices within its
communication range to search for the target tag. In this way,
the systems and methods of the present disclosure can not
only detect the position of a target tag, but can also identify
and determine the target tag’s movement, trajectory, and/or
speed. Such period monitoring may also permit search
devices participating in a search to detect a target tag in the
event that it later moves into its communication/detection
range.

FIG. 1B further illustrates search system 100. As shown,
search device 101, includes device platform 104,. For the
purpose of this example, search device 101, is illustrated in
FIG. 1A as a smart phone and thus, device platform 104, may
correlate to a smart phone platform. However, it should be
understood that device platform 104, may take another form.
Indeed, device platform 104, may be an appropriate platform
for any of the search devices described above.

Device platform 104, includes processor (CPU) 105,.
Without limitation, CPU 105, may execute software, such as
operating system (OS) 106, and applications (APPS) 107,.
Device platform 104, may also include chipset circuitry (not
shown). Such chipset circuitry may include integrated circuit
chips, such as but not limited to integrated circuit chips com-
mercially available from Intel Corporation. Of course, other
types of integrated circuit chops any also be used. It is noted
that the term “circuitry,” as used in any embodiment herein
may comprise, singly or in combination, hardwired circuitry,
programmable circuitry, state machine circuitry, and/or firm-
ware that stores instructions executed by programmable cir-
cuitry.

Device platform 104, may further include communications
interface 108,. Communications interface 108, may include
hardware (e.g., circuitry), software, or a combination of hard-
ware and software that allows search device 101, to send and
receive a search activation signal (SAS) over one or more
communications networks, e.g., using a predefined commu-
nications protocol. For example, communications interface
108, may include one or more transponders, antennas,
BLUETOOTH™ chips, personal area network chips, combi-
nations thereof, and the like. In this way, communications
interface 108, can allow search device 101, to send and
receive search activation signals via close range communica-
tion, via long range communication, or a combination
thereof. In some embodiments, communications interface
108, is configured to allow search device 101, to send and
receive data signals via both close range communication and
long range communication.

Search device 101, may further include search module
(SM) 109,. As may be appreciated, SM 109, may take the
form of instructions stored in a computer readable medium,
which when executed by a processor (e.g., CPU 105,) cause
the processor (and/or the corresponding search device) to
perform search operations consistent with the present disclo-
sure. Examples of computer readable media that may be used
to store SM 109, include but are not limited to the following
types of memory: semiconductor firmware memory, pro-
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grammable memory, non-volatile memory, read only
memory, electrically programmable memory, random access
memory, flash memory (which may include, for example
NAND or NOR type memory structures), magnetic disk
memory, optical disk memory, combinations thereof, and the
like. Additionally or alternatively, computer readable media
may include other and/or later-developed types of computer
readable memory.

For the purpose of clarity, search device 101,, is illustrated
in FIG. 1B as including the same components as search device
101,. Indeed, search device 101, includes device platform
104, a processor (CPU) 105,, executing OS 106,, and APPS
107, and communications interface 108,. The nature and
function of these components is the same as the description of
the corresponding components included in device 101,
described above. Thus, the functional description of the ele-
ments of search device 101, above should be understood as
equally applying to the components of search device 101,,. Of
course, search devices 101, and 101, need not have the same
configuration. Indeed, any type of search device (as defined
above) may be utilized as search device 101, and/or search
device 101, provided that it is capable of sending/receiving a
search activation signal and detecting a target tag, i.e., as
acting as a search device.

SM 109, and SM 109,, can provide a mechanism for initi-
ating and conducting an autonomous, expanding electronic
search for a target tag with search devices 101, and 101,,. This
can allow search devices 101, and 101, to become active
participants in a search, even when their users/owners are
unaware of the need to search. While these components are
described below as performing distinct functions, i.e., search
initiation (SM 109,) vs. search performance (SM 109,), it
should be understood that SM 109, and SM 109, may be
capable of performing each other’s activities. Thus, SM 109,
and SM 109,, may each cause their respective search devices
to perform search initiation functions and search performance
functions consistent with the present disclosure.

SM 109, and/or 109,, may take the form of one of one or
more applications that are executed by processors 105,105,
of device platforms 104, and 104, respectively. In this
regard, SM 109, and/or SM 109,, may be provided (by an
original equipment manufacturer or otherwise) as a prein-
stalled application on a device. Alternatively or additionally,
SM 109, and/or 109,, may be downloaded (e.g., from central
service 103) and installed on search devices 101, and/or 101,
as standalone applications. Moreover, SM 109, and/or 109,
may be hardcoded into the circuitry of devices 101,,101,,. For
example, SM 109, and/or 109,, may be programmed into a
field programmable gate array (FPGA), developed as an
application specific integrated circuit (ASIC), applied as
firmware code in a device, and/or programmed into a second-
ary processor, such as a graphics processing unit.

SM 109, and SM 109, may be executed by their respective
processors in the foreground and/or background (e.g., as a
background service) of OS 106,, 106,, respectively. In any
case, SM 109, and/or SM 109, may when executed cause
their respective search devices to monitor tier an input and/or
search activation signal that initiates the performance of an
electronic search for a target tag. Prior to the receipt of such an
input/signal, SM 109, and SM 109, may be considered as
being in a “passive” state. Upon receiving an input/signal
triggering the initiation or performance of an electronic
search. SM 109, and/or SM 109, may enter an “active” state,
wherein they may cause their respective devices to perform
one or more search functions consistent with the present
disclosure.
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In this regard, SM 109, may when executed by a processor
may cause search device 101, to initiate an electronic search
for a target tag associated with a moving object, such as a lost
child. In one mode of operation, SM 109, may initiate an
electronic search in response to an input made by a user of
search device 101,. Such inputs may be made, for example,
through a graphical user interface (GUI) provided by SM
109, when it is executed by processor 105,. In addition to
providing an interface to receive inputs for initiating an elec-
tronic search, the GUI may also function to permit the input of
atagidentifier, a description/image of the lost moving object,
lastknown location information, and the like. In any case, SM
109, in this mode of operation may cause search device 101,
to emit a search activation signal (SAS) using its communi-
cations interface 108, .

In the event that communications interface 108, is capable
of multiple modes of communication (e.g., near field com-
munication, wireless network communication, cellular net-
work communication, etc.), SM 109, may cause search
device 101, to transmit the search signal using one or a com-
bination of such modes. In instances where a SAS is trans-
mitted by search device 101, using close range communica-
tion, nearby search devices 101, may receive the SAS directly
from search device 101,. This concept is illustrated by the
broken line connecting device 101, and 101, in FIG. 1B.
Alternatively or additionally, SM 109, may cause search
device 101, to communicate a SAS to communications net-
work 102, which may then relay or broadcast the SAS over a
wide area. This conceptisillustrated in FIG. 1B by the broken
line connecting device 101, to communications network 102,
and the broken line connecting communications network 102
and device 101,,. In this way, device 101, may communicate
a SAS to devices 101, that may not be reached via close range
communication. For example, communicating a SAS via
communications network 102 may also allow search device
101, to communicate with one or more search devices 101,,,
in the event that such devices are incapable of receiving or
interpreting search signals transmitted by device 101, in
another manner, such as the close range communications
modalities described above.

Inanother mode of operation, SM 109, when executed may
cause search device 101, to initiate a search by communicat-
ing with central service 103. For example, SM 109, may,
upon receipt of an input from a user or otherwise, cause
device 101, to communicate a search request to central ser-
vice 103. Central service 103 may then generate an appropri-
ate search activation signal and transmit such signal using the
communications resources available to it. As may be appre-
ciated, central service 103 may have access to greater number
of communications resources than device 101, and thus, may
transmit an SAS over a larger area than device 101,.

In yet another mode of operation, SM 109, when executed
may cause search device 101, to initiate an electronic search
by emitting a search activation signal via communications
interface 108,, and transmitting a search request to central
service 103. As this mode combines the functions of the first
two modes described above, the operations of search device
101, in this mode are not reiterated.

SM 109, when executed by processor 105, may cause
search device 101,, to monitor for a user input and/or search
activation signal that initiates an electronic search for a target
tag. In the former case, SM 109,, may provide a mechanism,
such as a graphical user interface, through which a user may
manually input a tag identifier into SM 109,,. Alternatively or
additionally, SM 109, may cause search device 101,, to listen
for search activation signals (from search device 101, , central
service 103, or the like) that include a tag identifier. In any
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case, when search device 101, receives a tag identifier
(whether through a user input, a SAS, or otherwise), SM 109,
may cause search device 101, to enter an active state and
search for tags within its within its communication range. For
example, SM 109,, may cause device 101, to listen for signals
from active tags, to emit signals that cause passive tags to
reflect or transmit a signal containing their tag identifier, or a
combination thereof. In any case, SM 109,, may further cause
search device 101, to analyze any signals received from
active/passive tags, and analyze such signals for the tag iden-
tifier provided by the user input/SAS, i.e., the target tag’s tag
identifier.

If a search device 101, does not detect a signal containing
the target tag identifier, it may communicate the target tag
identifier (e.g., in one or more additional SAS) to additional
search devices within its communication range. This may
occur immediately when search device 101,, does not detect a
signal containing the target tag identifier, or after a delay. In
the latter case, the delay may be chosen so as to provide search
device 101,, with a reasonable amount of time to detect the
target tag before relaying the SAS. For example, devices 101,
may be configured to relay an SAS after failing to detect the
target tag for about 0.5 seconds, about 1 second, about 5
seconds, about 10 seconds, about 30 seconds, about one
minute, or even about 5 minutes. Of course, such delay times
are exemplary only, and delay times shorter, longer, and
within the foregoing time frames may be used.

Ifasearchdevice 101, detects a signal containing the target
tag identifier, SM 109, may cause the detecting search device
to automatically record information relevant to the detection.
For example SM 109,, may cause the detecting search device
to record the time of detection, its location, the strength of the
signal received from the target tag, other information, com-
binations thereof, and the like. SM 109,, may then cause the
detecting search device to attempt to transmit a “hit signal”
containing all or a part of this information to search device
101, and/or central service 103. As previously described the
detecting search device may attempt to relay the hit signal
device 101, and/or central service 103 through communica-
tions network 102, other search devices 101, or a combina-
tion thereof.

SM 109, when executed may further cause a detecting
search device to communicate the target tag identifier to addi-
tional search devices within its communication range. As
explained previously, this may cause additional search
devices to detect the target tag and report a hit signal to device
101, and/or central service 103. In this way, reliability of the
detection of the target tag may be improved. Moreover, if
multiple search devices 101, detect the target tag and report a
hit signal to device 101, and/or central service 103, the loca-
tion for at least an approximate location) of the target tag may
be triangulated or otherwise determined. As may be appreci-
ated, the precision and/or accuracy of the determined target
tag location may increase as the number of detecting search
devices increases.

SM 109, when executed may also permit search devices
101,, to receive additional data signals from central service
103 and/or device 101 ,. In some embodiments, for example,
central service 103 and/or device 101, may receive a hit signal
from one or more detecting search devices. In such instances,
central service 103 and/or device 101, may issue one or more
deactivation signals to devices that are not in proximity to the
target tag, in this way, the systems of the present disclosure
can put search devices that are no longer of use into a passive
state. Alternatively or additionally, central service 103 and/or
device 101, may send signals that place devices that are notin
proximity to the target tag into a standby mode, wherein such
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devices periodically monitor for the target tag at less frequent
intervals. As may be appreciated, search devices in standby
mode may detect the target tag in the event that it (or the
moving object) moves into the communication/detection
range of the device.

SM 109,, when executed may also cause a detecting search
device to play audio and/or visual (A/V) information though
an audio/visual interface (e.g., a display) thereof. The A/V
information may include a textual or auditory request to
search for the missing moving object. In some embodiments,
the A/V information may include supplemental information
about the missing moving object that was included in the SAS
generated by search device 101, and/or central service 103.
Alternatively or additionally, the A/V information may
include supplemental information about the missing moving
object that is separately transmitted to the detecting search
devices from search device 101, and/or central service 103,
e.g., in response to the receipt of one or more hit signals.

As may be appreciated, the supplemental information may
contain a written description of the lost moving object, a
picture thereof, the lastknown location of the missing moving
object, the detected position of the missing moving object,
combinations thereof, and the like. In the case of a missing
child, for example, central service 103 and/or device 101,
may send signals to detecting search devices that include a
physical description of the child, the child’s last known loca-
tion, a recent picture of the child, combinations thereof, and
the like. SM 109, may cause such information to be projected
on a display of the detecting search device, along with a
textual/auditory request to search for the missing child.

Search device 101, and/or central service 103 may periodi-
cally transmit updated target tag location information to the
detecting search devices. As noted previously, detecting
search devices may periodically or continuously monitor for
the presence of the target tag, and report hit signals containing
their location information to search device 101, and/or cen-
tral service 103. Search device 101, and/or central service
103 may use these hit signals to determine the position of the
target tag. As the location of the target tag changes, location
information provided by detecting search devices may corre-
spondingly change, and may be subsequently used to update
the determined location of the target tag. Should the deter-
mined location of the target tag change, search device 101
and/or central service may transmit the updated location to
the relevant detecting search devices. Central service 103
and/or device 101 may also inform devices previously detect-
ing the tag of the target tag’s movement, location, and/or rate
of speed.

Central service 103 may be a single machine or anumber of
machines, which may be co-located or distributed geographi-
cally. In operation, central service 103 may perform user
setup and search management functions in accordance with
the present disclosure. In this regard, central service 103 may
have a search service management module (“SSMM”) 210
provisioned thereon, which when executed by a processor
(not shown) may cause central service 103 to perform search
service management functions consistent with the present
disclosure. SSMM 110 may be provisioned on a network
service, such as but not limited to an internet (cloud) server.
Regardless of'its location, an SSMM may be implemented as
a computer readable medium having instructions stored
therein which when executed by a processor cause central
service 103 to perform user profile setup and/or search man-
agement operations consistent with the present disclosure.

SSMM 110 when executed may provide a mechanism for
establishing a database of users that wish to participate in the
search systems and methods described herein. For example,
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SSMM 110 when executed may provide a graphical user
interface through which potential users may register or oth-
erwise enter information pertinent to the service. This infor-
mation may be used by SSMM 110 to establish a user profile
that is managed by the central service. The user profile may
include standard authentication indicia, such as a user name
and password, which may be used by the central service to
authenticate a user of the search systems described herein. In
addition, the user profile may store tag information for tags
associated with a particular user. Thus, through SSMM 110,
a user may input tag identifiers (serial number, etc.) for the
tags he/she possesses.

In addition to authentication and tag identifiers, the user
profile may associate tag information with a particular tag. As
previously noted, tag information may include a picture of the
object, a physical description, biometric information (e.g., in
instances where the object is a person or an animal), combi-
nations thereof, and the like. Accordingly, SSMM 110 may
further operate to allow a user to input information bout
objects associated with a particular tag or tags. The tag infor-
mation may be later included supplemental information sup-
plied from the central service to one or more detecting search
devices, as previously described.

SSMM 110 may also function to allow owners/users to
identify their devices as being available for use by the systems
and methods described herein. In this way, individuals wish-
ing to allow their devices to participate in electronic searches
can volunteer their devices for use with the systems and
methods described herein. In the event that a search module is
not provisioned on a particular device, the central service may
also provide a download service through which a search mod-
ule compatible with a particular device may be obtained.

SSMM 110 when executed may also cause the central
service to perform search management functions consistent
with the present disclosure. For example, SSMM 110 may
cause the central service to monitor for search requests from
search devices (e.g., search device 101, in FIG. 1A) and relay
search activation signals to one or more additional search
devices. In some embodiments, SSMM 110 causes the central
service to transmit a search activation signals to all or part of
the registered search devices maintained in its databases.
Alternatively or additionally, SSMM 110 may cause the cen-
tral service to transmit search devices to registered search
devices based on information provided in the search request.
For example, when a search request includes last known
location information for a lost moving object bearing a tag,
SSMM 110 may cause the central service to transmit a SAS to
registered search devices located in proximity to the last
known location.

As a search is conducted, SSMM 110 may cause central
service 103 to monitor for hit signals from one or more
detecting search devices. Upon receiving a hit signal, the
SSMM may attempt to triangulate or otherwise determine the
position of the target tag. Alternatively or additionally, the
SSMM may cause the central service to transmit search acti-
vation signals to registered search devices in proximity to a
detecting search device. In this way, the SSMM and central
service may further enhance the number of detecting search
devices, and hence, the reliability of the hit detection and/or
determined target tag position.

SSMM 110 may also, upon receiving a hit signal, send
signals to search devices relatively close to a detecting search
device into a heightened awareness mode. In this mode,
search devices in proximity to a detecting search device (but
which do not detect the target tag) may actively monitor for
the target tag either continuously or at a periodic (but
elevated) rate. In other words, the SSMM may attempt to
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surround detecting search devices with search devices oper-
ating in a heightened awareness mode. As may be appreci-
ated, search devices operating in a heightened awareness
mode may continue to diligently monitor for the target tag,
even if the target tag is not presently detected. If the target tag
moves into their detection range, search devices operating in
a heightened awareness mode may be able to quickly detect
the target tag, and report a hit signal to the central service/
SSMM. The SSMM may continuously update the number
and position of search devices in the heightened awareness
mode, as the determined target tag position changes.

By monitoring the location information in the hit signals
and the rate at which that information changes, SSMM 110
may determine the direction of movement and/or speed of the
tag, as it changes, SSMM 110 may also periodically transmit
the updated location and movement information to search
devices in proximity to the target tag, along with other supple-
mental information, as discussed above. Finally, SSMM 110
may marshal a human search by sending one or more human
search requests to detecting search devices and/or search
devices in proximity to a detecting search device.

As a non-limiting illustration of an electronic search that
may be conducted with the systems and methods of the
present disclosure, reference is made to FIG. 2. In this
example, an electronic search for tag 204 is initiated by a
search module provisioned on search device 201,. Here, the
search module on search device 201, causes it to emit search
activation signals 201,  to devices (201,) within its commu-
nicationrange 201 ,,. SAS 201,  includes the tag identifier for
tag 204. As will also be described in detail below, search
devices 201, (and subsequent search devices 2015, 201,,, etc.)
may also have a search module executed thereon, which when
executed causes them to perform one or more functions con-
sistent with the present disclosure.

As may be appreciated, the size of communication range
201,, may depend on the communication resources that are
available to search device 201, . For example, if search device
201, is connected to a communications network such as a
cellular telephone network, communications range 201,
may be quite large. Similarly, if search device 201, has a data
connection with a central service (not shown), it may convey
a search request (not shown) containing the relevant tag iden-
tifier to the central service. The central service may then
transmit search activation signals corresponding to the SAS
201, over a wide area. Search device 201, may also transmit
one or more search signals 201, ; using close range commu-
nication resources available to it, e.g., via near field commu-
nication, BLUETOOTH™, and the like. In this way, search
device 201, may still initiate a search, even if it is not con-
nected to a communication network.

In this particular example, SAS 201, may be received by
search devices 201,, which are located within communica-
tion range 201, of search device 201, . In response to receiv-
ing SAS 201, , search devices 201, may enter an active state,
and may utilize their resources to search for tag 204 within
their respective communication ranges 201,, (shown as
circles surrounding devices 201,). As explained above,
search devices 201, may monitor for an active signal trans-
mitted by tag 204, and/or emit signals designed to reflect off
of tag 204 and/or which cause tag 204 to emit a signal con-
taining its tag information.

In this example, tag 204 is not located within communica-
tion range 201,, of search devices 201,. As a result, search
devices 201, may each transmit their own search activation
signal(s) (shown as signals 201, ) containing the tag identifier
for tag 204 to search devices within their respective commu-
nication range(s) 201,,. Search devices 201, may then go into
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a passive state, or they may continuously/periodically search
for tag 204. Search devices 201, may also relay their location
and/or search results (e.g., no hit) to a central service, which
may then relay a SAS to other search devices.

Search devices 201, within communication range 201,,
may receive search activation signals 201,, from search
devices 201,,. In response to receiving search activation sig-
nals 201, , search devices 201, may enter an active state, and
search for tag 204. In this particular example, tag 204 is
outside communication range 2015, of search devices 201,
and so is not detected by such devices. Search devices 201
may therefore each transmit their own search activation signal
(shown as signals 201;,) within their respective communica-
tions range(s) 201;,. Like the other search devices, search
devices 201;, may at this time enter a passive state, and/or
continuous/periodically search for tag 204.

Search device 201, may receive search activation signals
201, enter an active state, and search for tag 204. Because tag
204 is within its communication range 201,,, it may be
detected by search device 201,. Upon detecting tag 204,
search device 201, may communicate a “hit signal” back to
search device 201, and/or to a central service (not shown).
The hit signal may contain information about the location of
search device 201, information regarding the detection of tag
204 (strength of signal, proximity, etc.), the size of commu-
nication range 201,,, other relevant information, combina-
tions thereof, and the like. As described previously, the hit
signal may be communicated to device 201, or a central
service via a communications network, by broadcasting and
retransmission through a plurality of search devices, e.g.,
using close range communication, or a combination thereof.

In addition to transmitting a hit signal, search device 201,
may itself emit search activation signals in an attempt to cause
one or more additional search devices to detect tag 204. This
concept is illustrated in FIG. 2, wherein search device 201,
emits search activation signals 201, within its communica-
tion range 201,,. Signals 201, may be received by search
device 2015, which may then search for tag 204 within its
communication range 2015,. Upon detecting tag 204, device
2015 may return a hit signal back to device 201, and/or a
central service. This process may continue in an attempt to
further increase the number of devices detecting tag 204.
Indeed, as shown in F1G. 2, search device 201 ; may itself emit
search activation signals 2015, which are received by and
activate search device 201, causing it to search for and detect
tag 204 with communication range 201,. Because multiple
devices (in this case, search devices 201,, 2015, and 201,)
detect tag 204, and report hit signals back to device 201,
and/or a central service, the accuracy and reliability of the
information contained in such hit signals may increase, which
may improve the ability to accurately determine the location
of tag 204.

As illustrated in FIG. 2, the systems and methods of the
present disclosure can leverage a plurality of search devices to
perform an autonomous expanding electronic search. The
area searched by such devices may rapidly and successively
expand away from an initial search device as individual
search devices emit search activation signals that activate
other search devices within their respective communications
range. In this way, the search initiated by a first search device
may rapidly and successively expand to additional search
devices. As may be appreciated, this can allow the systems of
the present disclosure to search a wide area for a target tag in
a much faster manner than can be attained with a conventional
search.

The ability of the search devices to autonomously perform
an expanding electronic search is illustrated in FIG. 3, which
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depicts another exemplary search system in accordance with
the present disclosure. In this example, search device 201,
initiates (e.g., through a search module provisioned thereon)
an electronic search for tag 302 by emitting a search activa-
tion signal and/or a search request to central service 204.
When search device 201, emits a SAS using close range
communication, the SAS may be received by other search
devices (e.g., search devices 201,, within its communication
range. Alternatively or additionally, a search activation signal
may be sent through communication network 203 and/or
central service 204, as previously described. This concept is
illustrated by hashed lines 202, between devices 201,, 201,
and communications network 203.

In this particular example, devices 201, respond to the
search activation signal by entering an active state and search-
ing for tag 302. When a search device 201, fails to detect tag
302, it may expand the search by transmitting a search acti-
vation signal containing the tag information of tag 302 to
devices within its communication range. This concept is illus-
trated by the hashed lines connected devices 201, either
directly or through communications network 203. The search
may successively expand in this manner until tag 302 is
detected, whereupon the detecting search device(s) may actin
the manner previously described.

Because a search activation signal may be sent via close
range communication, devices 201, and 201,, can expand and
conduct an electronic search for tag 302, even when a con-
nection to communication network 203 is unavailable or can-
not be established. This concept is illustrated in FIG. 3,
wherein a search is extended into building 301, wherein a
connection to communication network 203 is unavailable.
Devices 201,, within building 301 may continue to expand the
search within building 201, by transmitting search signals via
close range communication or another mechanism (e.g., via a
network established by one or more internet hotspots within
building 301) to other search devices within communication
range.

When a search device 201,, in building 301 detects tag 302,
it/nay attempt to transmit a hit signal back to search device
201, and/or central service 204. In this non-limiting example,
however, the detecting search device is within building 301,
and cannot establish a connection to communication network
203. As a result, the detecting search device may not be able
to directly communicate a hit signal to device 201, and or
central service 204. To address this issue, the detecting search
device may transmit a hit signal via close range communica-
tion to other search devices within its communication range.
Other search devices receiving the hit signal from the detect-
ing search device may relay or otherwise transmit informa-
tion in the hit signal to other search devices within their
communications range. When a search device having a con-
nection to communication network 203 receives the hit sig-
nal, it may transmit the hit signal to device 201, and/or central
service 204, e.g., using communications network 203.

In this way, the search devices described herein may
expand into and conduct a search in an interior location, even
when a connection to a communications network is not avail-
able. The search devices may also transmit information in a
hit signal generated by a detecting search device out of such
a location, and eventually relay the hit signal to device 201,
and/or central service 204 when a connection to a communi-
cations network may be established. Thus, search devices
having a connection to a communications network may act as
a proxy for sending hit signals generated by detecting search
devices that do not have a connection to such a network.

As noted briefly above, supplemental information may be
communicated or provided from/to detecting search devices.
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E.g., upon detecting a tag, a search module executed on a
detecting search device may cause supplemental information
about the missing moving object to appear on a display
thereof. In the case of a missing child, for example, a search
module executed on a detecting search device may cause an
image and/or description of the child to appear on its display.
Such information may be accompanied by textual informa-
tion, such as arequest for the user of the device to look for the
missing child. This information may have been included in a
search activation signal received by the detecting search
device, or in another data signal (e.g., from a central service)
that was sent in response to a hit signal generated by the
detecting search device. In this way, the systems and methods
of'the present disclosure may initiate a highly focused search
similar to an Amber alert, which may be aided by the elec-
tronic detection of the tag by the search devices. This can
enable owners/users of the search devices to become active
participants in the search, and to efficiently search even if they
do not have line of sight to the child/tag.

The systems and methods of the present disclosure can
further enhance human searching for a lost moving object by
updating the location of a target tag associated with the mov-
ing object after the target tag is initially detected. A search
module on a device may cause this updated location informa-
tionto be displayed or otherwise conveyed by a search device.
In instances where the updated location information is pro-
vided on a display of a search device, the displayed informa-
tion may be accompanied by a directional indicator to “point™
the user of the search device towards the target tag’s location.
If the system detects that the target tag has moved out of the
initial area, it may send updated information to the devices
that previously detected the target tag. For example, the sys-
tem may notify human searchers via one or more search
devices of the movement of the target tag out of the initial
search area. The system may then inform such searchers of
the target tag’s updated location, movement direction, and/or
velocity.

The systems and methods of the present disclosure may
also be integrated with audio, visual, and image recognition
systems. That is, while the present disclosure has focused on
the use of cell phones and smart phones as search devices,
other devices may also be used in the systems described
herein. In this regard, it is noted that many video devices (e.g.,
surveillance cameras, traffic camera, web devices, etc.) are
capable of wired and/or wireless communication. In some
embodiments, the systems and methods of the present disclo-
sure may interface with or otherwise leverage such surveil-
lance devices to further enhance the capabilities of the sys-
tems and methods described herein.

By way of example, the systems and methods of the present
disclosure may include one or more video devices such as
surveillance cameras that are capable of serving as search
devices, as described above. That is, like devices 101,101, in
FIGS. 1A and 1B, such video devices may be capable of
sending and receiving signals via close range communication
and/or long range communication. Moreover, such devices
may be capable of storing and executing a search module that
allows them to perform search functions consistent with the
present disclosure. Thus for example, such devices may enter
an active state upon receipt of one or more search activation
signals, at which time they may search for tags with the tag
identifier conveyed in the search signal. As they search for the
tag, such video devices may continuously or periodically
record audio, visual, and/or audio visual information (e.g.,
sounds, pictures, video, etc.). In some instances, the video
devices may transmit such information back to the device
originating the search and/or to a central service. In either
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case, the audio/video information may be accompanied by
identifying information, such as a time stamp and/or location
information identifying the time and/or location at which the
audio/visual information was recorded.

In this way, the video devices described herein may estab-
lish arecord of the environment around the video device at the
time a search is being conducted. Such video information
may be useful to law enforcement or another authority seek-
ing to investigate the circumstances surrounding the disap-
pearance of the missing moving object. For example, law
enforcement may be able to use the video record generated by
the video devices described herein in their investigation of a
crime such as theft, kidnapping, and the like.

The systems of the present disclosure may also be config-
ured to analyze audio and/or video information recorded by
the video devices described above. For example, the systems
described herein may execute one or more facial or image
recognition routines on video information recorded by the
video devices of the present disclosure. In this way, the video
devices may be leveraged to perform image/video based
searching for the missing moving object. Such search rou-
tines may be conducted based on information about the miss-
ing moving object provided to the system, e.g., via an initial
search request/signal.

Another aspect of the present disclosure relates to methods
for initiating and conducting an electronic search. In this
regard, reference is made to FIG. 4, which depicts a flow
diagram of an exemplary method in accordance with the
present disclosure. For the sake of clarity, the following dis-
cussion of FIG. 4 assumes that one or more tags have been
attached or otherwise associated with the missing moving
object under consideration, e.g., a child, a wallet, etc. It also
assumes the availability of a plurality of search devices, e.g.,
devices that are registered with a central service and which
have a search module stored therein.

As shown, the method begins at block 401. At block 402, an
object or child may be identified as lost. For example, a parent
may notice that his/her child is missing, or an owner may
notice that his/her wallet has been stolen. At this time, the
process may proceed to block 403, wherein the parent/owner
may initiate a search. The parent/owner may initiate the
search using a search module provided on his/her device (e.g.,
by making one or more inputs to a search module executed on
his/her device), and/or by contacting a relevant central ser-
vice. In any case, the parent/owner may identify the tag(s)
associated with the missing moving object.

At this time, the process may proceed to blocks 404 and/or
405. In block 404, the parent/owner initiates a search by
providing one or more inputs to a search module executed on
his or her device. The search module causes the device to
transmit one or more search activation signals containing
relevant tag identifier using close and/or long range commu-
nication to other search devices within range. At block 405, a
search is initiated by a central service, which generates an
appropriate search activation signal and transmits it to appro-
priate search devices (e.g., search devices in proximity to the
parent/owner). Consistent with the foregoing discussion, it
should be understood that either or both of blocks 404 and 405
may be executed to initiate an electronic search, and that
execution of such blocks need not occur at the same time. The
process may then continue to block 406.

At block 406, search devices receiving a search activation
signal may enter an active state and “took” for the target tag,
in the manner previously explained in connection with the
system. If the target tag is detected, the method proceeds to
block 408. Otherwise, the method proceeds to block 407,
wherein search devices can emit search activation signals that
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cause other search devices within communication range to
enter an active state and search for the target tag. Blocks 406
and 407 may repeat as necessary, expanding the search to
additional search devices until the target tag is detected (block
408).

Atblock 409, a detecting search device may transmit a hit
signal to the search originating device and/or a central ser-
vice. The hit signal may contain information regarding the
detecting search devices location, detection range, etc., as
previously described. The search originating device and/or
central service may use this information to triangulate or
otherwise determine the position of the target tag.

At optional block 410, the search originating device and/or
central service may send a deactivation code/signal to one or
more search devices. The deactivation code may be sent, for
example, in response to an indication that the target tag has
been found, or that the search has been called off. Alterna-
tively or additionally, the deactivation code may be sent to
devices that are not in proximity to a detecting search device.
In this way, the methods of the present disclosure may be able
to lower or minimize wasteful use of resources, by deactivat-
ing search devices that are not in proximity to a detected target
tag, or by placing such devices into a passive or standby
mode.

At block 411, the method ends.

Accordingly, one embodiment of the present disclosure
relates to a system for searching for a moving object. The
system can include a first search device. The first search
device may include a first processor, a first communications
interface configured to communicate using a predefined com-
munications protocol, and a first memory having first search
module instructions stored therein. The first search module
instructions when executed by the first processor may cause
the first communications interface to transmit a first search
activation signal with the first communications interface to a
second search device within a first communication range of
the first search device. The first search activation signal when
received by a second search device can cause the second
search device to search for a target tag associated with the
moving object.

In some embodiments, the second search device includes a
second processor, a second communications interface, and a
second memory having second search module instructions
stored therein. In such embodiments, the first search activa-
tion signal when received by said second communications
interface can cause the second search device to search for said
target tag.

The target tag conveyed by the moving object may be
configured to emit at least one target tag signal. The target tag
signal comprising a unique target tag identifier. For example,
the target tag identifier may include a unique numeric
sequence distinguishing the target tag from other tags. In
some embodiments, the first search activation signal includes
the target tag identifier. In such instances, the second search
device can search for the target tag by analyzing tag signals
received with said second communications interface for the
unique target tag identifier.

The first search activation signal may also cause the second
search device to transmit a first hit signal to at least one of the
first search device and a central service, if the second search
device detects said target tag. The second search device may
be considered to have detected the target tag if it detects a tag
signal containing the target tag identifier included in the first
search activation signal. As may be appreciated from the
foregoing discussion, the first hit signal can include informa-
tion about the second search device at a time the second
search device detects said target tag. For example, the first hit
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signal can include time information, date information, loca-
tion information, combinations thereof and the like.

In some embodiments, a second search device may fail to
detect a target tag. In such instances, the first search activation
signal can cause the second search device to transmit a second
search activation signal to one or more additional search
devices within a second communication range thereof. The
second search activation signal may cause one or more addi-
tional search devices to search for the target tag. If one or
more additional search devices detect said target tag, it/they
may transmit a second hit signal to at least one of the first
search device and a central service.

In instances where a second search device detects the target
tag, the first search activation signal may cause the second
search device (a detecting search device) to transmit a second
search activation signal to one or more additional search
devices within a second communication range thereof. As
noted previously, this second search activation signal can
cause one or more of the additional search devices to search
for the target tag. If one or more of the additional search
devices detects the target tag, it may transmit at least one
additional hit signal to at least one of the first search device
and a central service.

In some embodiments the first search device, the central
service, or a combinations thereof may determine the location
of the target tag using information in said first hit signal. In
instances where additional hit signals are generated, the first
search device, the central service, or a combination thereof
may determine the location of the target tag from the first hit
signal, the additional hit signal(s), or a combination thereof.

The system may include at least one connected search
device and at least one disconnected search device. As used
herein, the term “connected search device” means a search
device that is capable (permanently or temporarily) of long
range communication, as defined above. The term, “discon-
nected search device” is used herein to mean a search device
that is incapable (permanently or temporarily) of long range
communication. Thus, for example, a connected search
device may communicate via one or more cell phone net-
works, whereas a disconnected search device could not. How-
ever, either or both of a connected search device and a dis-
connected search device may communicate using short range
communication, as defined above.

In such instances, the first search activation signal may
cause at least one connected search device and at least one
disconnected search device to search for said target tag. If a
disconnected search device detects the target tag, the first
search activation signal may cause the disconnected search
device to transmit a hit signal to a connected search device
using close range communication. As may be appreciated
from the foregoing discussion, information contained in the
hit signal generated may be conveyed over a plurality of
disconnected search devices (e.g., using short range commu-
nication), until it is received by a connected search device. In
any case, once a connected search device receives a hit signal
(and/or information contained therein) generated by a discon-
nected search device, the first search activation signal may
cause the connected search device to communicate informa-
tion in said hit signal to at least one of the first search device,
a central service, or a combination thereof (e.g., using long
range communication).

In further non-limiting embodiments, the present disclo-
sure relates to a system for conducting an electronic search.
The system includes a plurality of search devices and a target
tag. Each of the plurality of search devices includes a proces-
sor, acommunications interface, and a memory having search
module instructions stored therein. When executed by the
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processor, said search module instructions causes one or
more of said plurality of search devices to: search for the
target tag in response to receiving a search activation signal.
Ifthe target tag is not detected, the search module instructions
when executed may further cause one or more of the search
devices to transmit at least one additional search activation
signal to additional search devices within a communications
range thereof (e.g., of the communications interface). Alter-
natively, if a search device detects said target tag, the search
module instructions when executed by a processor of such
device may cause the detecting search device to transmit at
least one hit signal.

In some embodiments, the plurality of search devices can
search for said target tag by analyzing signals received by said
communications interface. If a tag signal containing a target
tag identifier is received by the communications interface, the
search device may register a “hit” and transmit a hit signal.

The present disclosure also relates to a central service for
managing the performance of a search with a plurality of
search devices. The central service may include a central
service processor and a central service memory having search
service management module (SSMM) instructions stored
therein. The SSMM instructions when executed by said cen-
tral service process can cause the central service to receive at
least one hit signal from a search device detecting a target tag
conveyed by a moving object. The SSMM instructions when
executed may further cause said central service to determine
a location of the target tag from the at least one hit signal.

A search initiation device may be included in the plurality
of search devices. In such instances, the central service may
initiate an autonomous, expanding electronic search by trans-
mitting a search activation signal in response to receiving a
search request from the search initiation device. This search
activation signal may initiate an autonomous, expanding
search for a target tag by one or more of the plurality of search
devices.

In some embodiments, the SSMM instructions when
executed by the central service processor further cause the
central service to transmit a supplemental information signal
to a search device generating said at least one hit signal. The
supplemental information signal may include information
about the moving object, additional information by the target
tag, combinations thereof, and the like. The supplemental
information signal may be transmitted to search devices gen-
erating a hit, search devices in proximity to search devices
generating a hit, combinations thereof, and the like. In any
case, the supplemental information signal when received by a
search device may cause the search device to display the
supplemental information on a display thereof.

Another aspect of the present disclosure relates to amethod
for searching for a moving object. The method may include
emitting a search activation signal from a search initiation
device. The search activation signal may initiate an autono-
mous, expanding electronic search for a target tag conveyed
by said moving object. In some embodiments, the search
activation signal causes a plurality of search devices to par-
ticipate in the autonomous, expanding electronic search.

The method may also include storing a database of regis-
tered search devices, where the registered search devices are
configured to participate in autonomous, expanding elec-
tronic searches. In such instances, the search activation signal
may be transmitted to one or more of the registered search
devices, e.g., based at least in part on the last known location
of the moving object.

The method may also include transmitting at least one
additional search signal in response to a hit signal generated
by the autonomous, expanding electronic search. The at least
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one additional search signal may initiate initiates another
autonomous, expanding electronic search based on location
information contained in said hit signal. The method may also
include initiating a human or animal search for said moving
object, based on location information contained in said hit
signal.

Various features, aspects, and embodiments have been
described herein. The features, aspects, and embodiments are
susceptible to combination with one another as well as to
variation and modification, as will be understood by those
having skill in the art. The present disclosure should, there-
fore, be considered to encompass such combinations, varia-
tions, and modifications.

What is claimed is:

1. A first mobile device, comprising:

a processor;

a communications interface; and

a search module;
wherein:

the search module is configured to initiate an autono-

mously electronic search for a target tag associated with
a moveable object at least in part by transmitting a first
search activation signal;

the first search activation signal is configured to:

cause a second mobile device to search for the target tag;
and

when the target tag is not detected by the second mobile
device, to cause the second mobile device to transmit
a second search activation signal, the second search
activation signal configured to cause a third mobile
device to search for said target tag.

2. The first mobile device of claim 1, wherein said first
search activation signal comprises a target tag identifier cor-
responding to said target tag and is configured to cause said
second mobile device to search for said target tag based at
least in part by searching for tag signals containing said target
tag identifier.

3. The first mobile device of claim 2, wherein said second
search activation signal includes said target tag identifier.

4. The first mobile device of claim 2, wherein said first
search activation signal further comprises supplemental
information, said supplemental information comprising at
least a description of the moving object, an image of the
moving object, or a combination thereof.

5. The first mobile device of claim 1, wherein said search
module is further configured to determine the location of said
target tag in response to receipt of a hit signal from said
second mobile device, said third mobile device, or another
mobile device, said hit signal signifying the detection of said
target tag.

6. The first mobile device of claim 5, wherein said search
module is further configured to cause said first communica-
tions interface to, in response to receiving said hit signal from
said second mobile device, said third mobile device, or said
other mobile device, transmit a human or animal search
request to said second mobile device, said third mobile
device, or said other mobile device.

7. The first mobile device of claim 1, wherein said search
module is further configured to cause the first mobile device
to transmit a search deactivation signal in response to an
indication that a search for said target tag is complete.

8. A first mobile device for performing an autonomous
electronic search for a tag associated with a moving object,
comprising:

a processor;

a communications interface; and

a search module;
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wherein the search module is configured to:
cause the first mobile device to perform an autonomously
electronic search for a target tag associated with a move-
able object in response to receipt of a first search activa-
tion signal; and

when the target tag is not detected by the first mobile

device, to cause the first mobile device to transmit a
second search activation signal, the second search acti-
vation signal configured to cause a second mobile device
to search for said target tag.

9. The first mobile device of claim 8, wherein:

said first search activation signal comprises a tag identifier

corresponding to said target tag; and

said search module is configured to cause said first mobile

device to search for said tag based at least in part by
searching for tag signals containing said target tag iden-
tifier.

10. The first mobile device of claim 8, wherein when said
first mobile device detects said tag, said search module is
further configured to cause said first mobile device to transmit
a hit signal, the hit signal configured to inform at least one
other mobile device of the detection of said tag.

11. The first mobile device of claim 10, wherein said hit
signal includes information about the location of said device
at a time said first mobile device detects said tag.

12. The first mobile device of claim 10, wherein:

when said first mobile device has a connection to a long

range communications network, said search module is
configure to cause said second communications inter-
face to transmit said hit signal using long range commu-
nication; and

when said first mobile device lacks a connection to a long

range communications network, said search module is
configure to cause said second communications inter-
face to transmit said hit signal using close range com-
munication.

13. The first mobile device of claim 8, wherein said com-
munications interface transmits said first search activation
signal using close range communication.

14. A central service for managing the performance of an
electronic search for a tag associated with a moving object,
comprising:

a processor;

a communications interface; and

a search service management module;
wherein:

the search service management module is configured to

initiate an autonomously electronic search for a target
tag associated with a moveable object at least in part by
transmitting a first search activation signal to a first
mobile device;

the first search activation signal is configured to:

cause the first mobile device to search for a the target tag;
and

when the target tag is not detected by the first mobile
device, to cause the first mobile device to transmit a
second search activation signal, the second search
activation signal configured to cause a second mobile
device to search for said target tag.

15. The central service of claim 14, wherein the search
service management module is configured to cause the trans-
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mission of said first search activation signal in response to
receipt of a first search request for said target tag.

16. The central service of claim 14, wherein in response to
receipt of a hit signal signifying the detection of the target tag
from at least one mobile device, the search service manage-
ment module is configured to cause the central service to
transmit a supplemental information signal, said supplemen-
tal information signal comprising at least a description of the
moving object, an image of the moving object, or a combi-
nation thereof.

17. The central service of claim 16, wherein said search
service management module is further configured to cause
said central service to transmit said supplemental information
signal to a detecting search device, the detecting search
device being a mobile device that generated said hit signal.

18. The central service of claim 17, wherein said search
service management module is further configured to transmit
said supplemental information signal to mobile devices
within a pre-determined distance of a determined location of
said tag.

19. A method for searching for a moving object, compris-
ing:

emitting a first search activation signal from a first search

device;
wherein the first search activation signal is configured to:
cause a second search device to search for a the target tag;
and

when the target tag is not detected by the second search

device, to cause the second search device to transmit a
second search activation signal, the second search acti-
vation signal configured to cause a third search device to
search for said target tag; and

wherein the first, second, and third search devices are first,

second, and third mobile devices, respectively.

20. The method of claim 19, wherein said first search
activation signal comprises a target tag identifier correspond-
ing to said target tag and is configured to cause said second
search device to search for said target tag based at least in part
by searching for tag signals containing said target tag identi-
fier.

21. The method of claim 19, further comprising:

storing a database of registered search devices, said regis-

tered search devices being configured to participate in
autonomous, expanding electronic searches;

wherein said first search device comprises one of said

registered search devices.
22. The method of claim 21, further comprising selecting
said first search device from said database of registered search
devices based at least in part on a last known location of said
moving object.
23. The method of claim 19, further comprising:
determining, in response to receipt of a hit signal from a
search device, a location of a detected tag; and

transmitting an additional search signal to one or more
search devices within a predetermined proximity to said
detected tag, wherein the additional search signal is con-
figured to cause said one or more search devices to
perform another search for said target tag.
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